. Although these observations suggest the central importance of the PAR-6/aPKC/PAR-3 complex and PAR-3 in forming an independent complex with PAR-6/ aPKC. During cell polarization, mLgl initially colocalizes functional interactions among these three sets of proteins in the establishment of the epithelial junctional with PAR-6/aPKC at the cell-cell contact region and is phosphorylated by aPKC, followed by segregation from complex and membrane polarity, the molecular nature of the interactions among these polarity complexes reapical PAR-6/aPKC to the basolateral membrane after cells are polarized. Overexpression studies establish mains to be clarified. Particularly, how physically separated basolateral and apical complexes functionally inthat increased amounts of the mLgl/PAR-6/aPKC complex suppress the formation of epithelial junctions; this teract is still a very big question. Here, we identify the mammalian Lgl isoform, mLgl, contrasts with the previous observation that the complex containing PAR-3 promotes it.
that GST fusion proteins with the 636-666 aa sequence of human Lgl-2 (GST-mLgl-2 636-666 wt) is phosphorycontain PAR-6␤ and aPKC independent of PAR-3. These results are consistent with the following data lated by purified HA-aPKC in vitro, and substitution of Ser 649, 653, or 660 for Ala decreases this phosphorylashowing that mLgl-2 competes with PAR-3 for its incorporation to the PAR-6␤/aPKC complex in cDNA-transtion ( Figure 3B ). An antibody generated against phospho-Ser 653 reacts to GST-mLgl-2 636-666, but not to fected 293T cells ( Figure 1B ) and support the presence of two independent protein complexes containing PARits S653A mutant ( Figure 3C ). Using this antibody, HAmLgl-2 in T7-PAR-6␤ IPs from transfected 293T cells 6␤/aPKC. It is interesting that the above interactions are not observed for PAR-6␣ (data not shown); this findwere revealed to be phosphorylated at Ser 653 in an aPKC activity-dependent manner ( Figure 3D ), indicating indicates that mLgl-2 is specific to the PAR-6␤ isoform.
ing that aPKC can phosphorylate the full-length mLgl-2. Furthermore, the phospho-specific antibody re-A similar IP analysis using cDNA-transfected 293T cells reveals that the region containing the PDZ domain veals that the phosphorylation of Ser 653 of mLgl-2 and the corresponding Ser of mLgl-1 (Ser 659) occurs in of PAR-6␤ is required for its interaction with mLgl-2. (Figures 2A and 2B of the lateral region with a TJ marker, ZO-1 ( Figure S2 ). place between mLgl-2 and the PAR-6␤/aPKC complex during MDCK cell polarization. However, we failed to Colocalization of PAR-6␤ with mLgl-2 was not observed ( Figure S2 ). However, during MDCK cell polarization indetect any changes of interactions between PAR-6␤/ aPKC and mLgl-2 after cell disruption (data not shown). duced by calcium addition to the culture medium (calcium switch), PAR-6␤ and mLgl-2 together with ZO-1 These proteins are mainly recovered in the cytoplasmic fraction (data not shown), and this finding does not supshow overlapping distribution (white) at the cell-cell contact region 0.5 hr after the calcium switch, and this port the localization of these proteins revealed by immunostaining. It is possible that the cell lysis process alters codistribution was also detected at the apical end of the cell-cell contact region 3 hr after the calcium switch the nature of the complex due to the instability of the PAR-3/PAR-6␤/aPKC complex in lysates. Possible ( Figure 4A ). In contrast, at 20 hr, when the cells were fully repolarized, white staining was not detected, and involvement of activated Cdc42 in the interaction might explain the instability (see the Discussion). the cells were costained for PAR-6␤ with ZO-1 (purple) at the apical end and single stained for mLgl-2 (green)
We also revealed that the phosphorylation of mLgl-2 was enhanced when the cells were subjected to the at the lateral membrane. On the other hand, aPKC codistributes with PAR-6␤ and ZO-1 at the cell-cell concalcium switch ( Figure 5A ). The phosphorylated level increased about 2-to 3-fold within 30 min, and mLgl-2 tact region throughout the repolarization process (Figure 4B) . The transient colocalization of PAR-6␤ and remained phosphorylated 25 hr after the calcium switch ( Figure 5B ). A similar result was obtained for mLgl-1 aPKC with mLgl-2 implies that an interaction takes independent protein complexes regulates the establishment of epithelial cell polarity. We also suggest that Our findings in this study suggest a notable analogy in the mechanism regulating epithelial polarity between aPKC activity-mediated phosphorylation of mLgl is involved in the regulation of mLgl's interaction with PAR-6/ Drosophila and mammals. This notion is supported by a recent observation in Drosophila that Lgl interacts with aPKC. Our findings provide new insight into the mechanism underlying the establishment of epithelial cell po-PAR-6 and aPKC and regulates the apicobasal polarity of Drosophila neuroblasts [35] . In mammalian fibrolarity. blasts, mLgl-1 has been reported to form a protein complex with PAR-6␣ (also called PAR-6C) and aPKC and 
In Vitro Protein Kinase Assays
To determine the phosphorylation site(s) of human Lgl-2 by aPKC, synthesized oligonucleotides encoding 636-666 aa of human Lgl-2 or its serine-alanine mutants were inserted into the pGEX-6P vector (Amersham Bioscience), and GST fusion proteins were purified by using the standard procedure. HA-aPKC was purified on anti-HA affinity beads (Roche) from transfected 293T cells as described previously [38] . GST-mLgl-2 636-666 or its serine-alanine mutants purified by using the standard procedure. MDCK cells were suspended in lysis buffer containing 20 mM HEPES (pH 7.5), 150 mM NaCl, 1% NP-40, 10% glycerol, 10 mM MgCl 2 , 1 mM EDTA, 10 g/ml leupeptin, 1 mM PMSF, and 1.8 g/ml aprotinin, and the expression vectors encoding mouse aPKC wt or kn and LacZ were suspension was clarified by centrifugation. The lysates were coincudescribed previously [4]. Adenovirus expression vectors encoding bated for 1 hr with 5 g GST fusion proteins immobilized to glutathi-T7-PAR-6␤ wt or M235W, or HA-mLgl-2, as well as an empty vector, one-sepharose 4B (Amersham Bioscience). After washing four times were generated using the Adeno-X expression system (Clontech).
with lysis buffer, GST fusion proteins were eluted with 16 mM glutathion, and coeluted proteins were subjected to SDS-PAGE, folAntibodies lowed by Western blotting or CBB staining. Anti-PAR-6␤ antibodies, BC31AP and Beta2-4AP, were generated in rabbits, and BCR12AP was generated in rats; BC31AP and Blot Overlay Assay BCR12AP were raised against the C-terminal 14 aa of human 293T cells transfected with the expression vector encoding HA-PAR-6␤, and Beta2-4AP was raised against the glutathione-S-transmLgl-2 or HA-aPKC were lysed and subjected to immunoprecipitaferase (GST) fusion protein with full-length human PAR-6␤. Antition with the anti-HA tag antibody. The IPs were then subjected mLgl-2 antibodies were generated in rabbits; N13AP was raised to SDS-PAGE, and separated products were blotted on a PVDF against the N-terminal 20 aa of human Lgl-2, and 100-278 2-3AP membrane. The membrane was incubated with denaturing buffer was raised against the GST fusion protein with 100-278 aa of human g/ml GST-PAR-6␤ or GST in renaturing buffer for 16 hr. After washand was purified on a phospho-peptide-conjugated column, after ing three times with renaturing buffer, GST proteins were detected which it was coincubated with peptide (KSLRESFRKLR). Anti-PAR-3 by using the anti-GST antibody and chemiluminescence ECL (AmerpAb (C2-3AP), and anti-aPKC ( 1 ) pAb were described previously sham Bioscience). 
